A Pd(OAc)2/(o-MeOPh)3P system has been developed for the catalytic Suzuki coupling of aryl bromides with arylboronic acids. Our catalyst system covers a broad spectrum of commonly available arylboronic acids and aryl bromides to provide biaryls in very good yields. The catalyst system works very well in the synthesis of sterically hindered biaryls. 
Introduction
The palladium catalyzed Suzuki cross-coupling of aryl halides with arylboronic acids results in biaryl compounds (Scheme 1) and has emerged as an extremely powerful tool in organic synthesis. 1 The biaryls are one of the important classes of organic compounds because various types of compounds such as natural products, electronic materials, liquid crystals and pharmaceuticals include the biary units.
Therefore intensive studies in regard to the biaryl synthesis have been carried out 2 and several kinds of phosphine ligands are commonly employed in Suzuki coupling. 3 Often these ligands are sensitive to air oxidation and need several steps for the synthesis. We now wish to report the results of a simple and efficient combination of Pd(OAc)2/(o-MeOPh)3P as a catalytic system in Suzuki coupling reactions.
Results and Discussion
Tris(2-methoxyphenyl)phosphine 4 ( Fig. 1, L3 ) is readily available from anisole and very stable to air oxidation (see experimental section for the preparation of the ligand L3). Also the ligand is expected to satisfy the demands of bulkiness and basicity which are often required for the catalytic activity in Suzuki coupling. In this paper we described the ligand effect of (o-MeOPh)3P in several Suzuki coupling reactions between aryl halides and arylboronic acids. L3 has been shown to be superior to triphenylphosphine in many palladium-catalyzed coupling reactions.
Preliminary Suzuki coupling reactions between ortho-substituted aryl halides and aryl boronic acids using different ligands such as PPh3, (o-tolyl) 3P and (o-MeOPh)3P were carried out with usual condition for Suzuki coupling, i.e. Pd(OAc)2 as a palladium source and K3PO4 as base in DME/H2O (4:1) at 65 o C (Table 1) . Ortho-substituted aryl halides with methyl or methoxy group gave both electron donating effect and steric hindrance. We observed that the ligand L3 dramatically improved the isolation yield from 64 ~ 69% to 96% with orthomethyl aryl halides compared to other ligands [L1 and L2] (Table 1, entrie 2, 3 and 4).
The steric factor of the coupling site on aryl boronic acid did give a great influence on the coupling yield. The introduction of isopropyl group on the ortho position of aryl boronic acid reduced the coupling yield to 54 ~ 69% at the coupling reaction using L1 or L2 (Table 1, entrie 10 and 11). In contrast, L3 resulted in 2'-isopropyl-2-methoxybiphenyl (3) in very high yield regardless of the presence of isopropyl group on the ortho position of arylboronic acid (Table 1 , entry 12). Therefore, (o-MeOPh) 3 P proved to be excellent ligand for the coupling reaction between sterically hindered arylboronic acids and aryl bromides. Encouraged by these results, we carried out the construction of polyaryl frameworks from 2,6-dibromo-4-methylanisole and arylboronic acids with our catalyst system. The corresponding polyaryls 4 and 5 were obtained with satisfactory yield (Scheme 2).
Even though excellent results have been achieved between the coupling of wide range of aryl bromides and boronic acids, coupling reactions between ortho-substituted aryl bromides and di-ortho-substituted arylboronic acids are challenging reactions because of forming highly hindered biaryls. We examined the tolerance of ortho-substitution in both the aryl halides and the arylboronic acids. Unfortunately, our standard reaction condition was not suitable for the synthesis of more sterically hindered biaryls when the boronic acid has di-orthosubstitution group. For example, coupling reaction between 2-bromoanisole and 2,4,6-trimethylboronic acid was carried out to give 2'-methoxy-2,4,6-trimethylbiphenyl (6) ( Table 2 , entry 1) in only 36% yield. To improve yield the base K3PO4 was replaced by Ba(OH)2, and the isolation yield moderately improved to 65% (Table 2 , entry 2). Striking ligand effect was observed when substitution on aryl boronic acid and aryl halide was switched each other.
With (o-tolyl)3P, Suzuki coupling reaction of 2,4,6-trimethylbromobenzene and 2-methoxyphenylboronic acid gave a trace amount of biaryl 6 even at the elevated temperature (90 o C). On the contrary, (o-MeOPh)3P provided the desired product in 90% yield at mild condition (Table 3, entry 2) .
Finally, the effect of electronic variation on aryl halides was tested by using phenlyboronic acid. Regardless of the electron-donating or electron-withdrawing substitution, Suzuki coupling reaction progressed smoothly and resulted in desired product in very high yield (Table 4) . The Suzuki coupling reaction was carried out on the condition (0.05 mol% Pd(OAC)2, 0.1 mol% (o-MeOPh)3P, 3.5 eq. K3PO4 in DME-H2O at 65 o C).
Conclusions
In summary, a general and highly efficient synthesis of biaryls based on Pd(OAc)2/(o-MeOPh)3P system has been developed. The use of (o-MeOPh)3P, which is very stable to air oxidation and easy to prepare, represents an alternative to existing catalytic systems based on the use of phosphine ligands. Further investigation will be carried out to apply the use of (o-MeOPh) 3 P ligand toward the Suzuki reaction of aryl chloride and more hindered substrates as well as Pd-catalyzed amination reactions.
Experimental Section Preparation of tris(2-methoxyphenyl)phosphine (L3).
6 n-BuLi (210 mL of 1.6 M in hexane or 130 mL of 2.5 M in hexane, 0.32 mol) was placed into 1 L three neck round bottom flask equipped with dropping funnel under N2 atmosphere. Tetramethylethylene diamine (TMEDA, 48.3 mL, 0.32 mol) was dropwise added to the reaction flask at room temperature and then anisole (43.5 mL, 0.4 mol) was slowly added to the flask. (100 mg, 0.54 mmol, 0.1 mol%), and K3PO4 (33.97 g, 18.7 mmol) in DME-H 2 O (10 mL, 4 : 1) was heated to 60 ~ 65 o C and stirred for 4 h. The reaction was monitored by TLC. When the reaction was complete, it was diluted with ether. The aqueous layer was extracted two times with ether, the combined organic extracts were applied directly to celite to remove the palladium catalyst and the eluent was dried (Na2SO4). After evaporation of the organic layer, the resulting residue was purified by flash column chromatography (silica gel, hexanes) to give the product as colorless oil (0.98 g, 5.32 mmol) in 99% yield. 
5-Fluoro-2-methoxybiphenyl (7):
1 H NMR (CDCl 3 , 400 MHz): δ 3.77 (s, 3H), 6.89 (q, 1H), 6.97 (t, 1H), 7.04 (dd, 1H), 7.35 (t, 1H), 7.41 (t, 2H), 7.51 (d, 2H) .
5-Benzyloxy-2-methoxybiphenyl (8):
1 H NMR (CDCl3, 400 MHz): δ 3.79 (s, 3H), 4.95 (s, 2H), 6.81 (d, 1H), 6.92 (t, 2H), 7.35 (m, 8H), 7.57 (d, 2H) .
